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Description 

The present invention relates to rubber-rein- 
forced polymers of monovinylidene aromatic 
compounds and a method for preparing the 
rubber-reinforced polymer products. 

Rubber-reinforced polymers of a polymer of 
styrene having discrete particles of a crosslinked 
rubber, e.g., polybutadiene, dispersed throughout 
the styrene polymer matrix {conventionally 
referred to as high impact polystyrene or HIPS) 
are employed in a variety of commercial appli- 
cations such as packaging, refrigerator linings, 
furniture, domestic appliances and toys. 

It is well known that the physical properties 
such as toughness (i.e., the combination of elon- 
gation and impact strength) and gloss of the 
rubber-reinforced styrene polymers are affected 
by the size and composition of the disperse 
rubber particles and/or the concentration of the 
rubber in the reinforced polymer. For example, 
the preparation of a rubber reinforced styrene 
polymer at low concentrations of rubber in the 
styrene polymer matrix and/or rubber particles of 
a small size is known to improve the tensile 
strength and gloss characteristics of the polymer 
but to reduce the values obtained for elon- 
gation-at-break and impact strength in standard 
toughness tests. Unfortunately, increasing the 
rubber concentration sufficiently to obtain the 
required toughness reduces the gloss charac- 
teristics of products prepared therefrom while 
also increasing costs. Similarly, increasing the 
rubber particle size has also met with limited 
success since sufficiently large rubber particles 
cause a reduction in the tensile strength and gloss 
characteristics. 

To improve the overall balance of properties in 
a rubber reinforced styrene polymer, it has 
theretofore been proposed to prepare the styrene 
polymer with rubber particles of two different 
sizes being dispersed through the matrix. For 
example, Canadian Patent No. 832,523 discloses a 
polystyrene composition comprising a con- 
tinuous phase of a styrene polymer having rubber 
particles of a size from 1 to 3 micron and rubber 
particles of a size from 5 to 25 micron dispersed 
therethrough. Unfortunately, the described 
composition does not possess the required 
balance of properties, particularly the desired 
gloss characteristics for many end-use appli- 
cations. Moreover, the specifically exemplified 
method for preparing the composition comprises 
the energy intensive process of physically 
blending two polystyrene compositions each con- 
taining rubber particles of a different particle size 
which requires relatively expensive and complex 
equipment. 

Various other methods and rubber-reinforced 
polymers comprising dispersed rubber particles 
exhibiting a bimodal particle size distribution 
have been proposed. For example, U.S. Patent 
No. 4,221,883 provides an efficient method for 
obtaining a rubber-reinforced polymer having 
rubber of two distinct sizes dispersed throughout 



the continuous polymer phase. In an example of 
said method, a rubber/monomer solution is 
polymerized using thermal or chemical initiation 
until the rubber becomes dispersed in the poly- 
5 merization mixture as a plurality of rubber par- 
ticles having a first particle size and subsequently, 
adding more rubber as a solution with monomer 
to the polymerization mixture which becomes 
dispersed at a second particle size. In alternative 

10 methods for preparing the rubber-reinforced 
product, control of particle size of the different 
size rubber particles within limited ranges has 
been disclosed to yield a product of superior 
properties. Specifically, in U.S. Patent No. 

is 4,146,589, a first and a second rubber/monomer 
solution are polymerized in separate reactors to 
form a partial polymerizate containing disperse, 
grafted, rubber particles of 0.5 to 1 micron and a 
partial polymerizate containing disperse, grafted, 

20 rubber particles of 2 to 3 microns. The two partial 
polymerizates are subsequently mixed, 
polymerization completed in a staged, isobaric 
reactor and the rubber then cross-linked to 
achieve a swelling index from 7 to 20. Similarly, 

26 U.S. Patent 4,254,236 discloses simultaneous 
feeding to a flow-through, back-mixed, poly- 
merization reactor of a first solution of a 
monomer and rubber and a second solution of a 
monomer and rubber containing polymerized 

30 monomer. The conditions in the reactor are 
maintained such that the rubber of the first 
solution is dispersed at a size from 0.5 to 1.5 
micron and the rubber of the second solution at a 
size from 2 to 10 microns. Following partial 

35 polymerization, the polymerization is completed 
in a second reactor and the rubber subsequently 
crosslinked. While the rubber-reinforced 
polymers prepared by disclosed processes 
exhibit a certain improvement in physical proper- 

40 ties, further improvements in the balance of 
properties of the exemplified products, par- 
ticularly the balance of elongation, impact and 
gloss characteristics are still desirable. 
In yet other methods, control of the graft levels 

45 of the rubber in the small and large particles has 
been stated to improve the properties of the 
rubber-reinforced product. For example, U.S. 
Patent No. 3,663,656 teaches that the smaller 
rubber particles (i.e., size of less than 0.254 micron) 

50 should have a superstate to substrate ratio from 
45—100:100 and the larger rubber particles (i.e., 
particle size from 0.35 to 1.25 micron) should have 
lesser amounts of graft with a superstrate to 
substrate ratio varying from 15—40:100. Alter- 

55 natively, U.S. Patent No. 4,153,645 discloses a 
rubber of the larger size particle (particle size from 
0.9 to 5 microns) should be relatively highly 
grafted with a superstrate to substrate ratio of 
from 140—180:100. The superstrate to substrate 

so ratio of the smaller rubber particle graft 
copolymer (particle size from 0.2 to 0.9 micron) is 
varied from 65—125:100. Unfortunately, the 
methods disclosed for preparing the rubber-rein- 
forced product comprise the energy intensive 

■65 step of physically blending two products. 
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Australian Patent Abridgment 49 552/79. 
describes a method for continuously mass poly- 
merizing polyblends having a dispersed rubber 
phase of rubber particles with a bimodal particle 
size distribution. The smaller size rubber particles 
are prepared by adding a rubber/monomer 
solution to a back-mixed continuous stirred tank 
reactor wherein the contents of the reactor are 
essentially uniform throughout Almost imme- 
diately upon the addition of the monomer/rubber 
solution to the reactor, the rubber becomes 
dispersed throughout the continuous polymer 
phase. Shear created by the agitation in the 
reactor is employed to size the dispersed rubber 
at a particle size of from 0.5 to 1 micron. Due to 
the inherent limitations of the polymerization 
process, the rubber formed at the smaller rubber 
particle size is not effectively grafted with the 
polymerized monomer. Subsequently, a second 
monomer/rubber solution is fed simultaneously 
with the partially polymerized product to a second 
reactor— a multi state substantially linear flow 
polymerization reactor— where polymerization is 
completed and a rubber having a particle size of 
from 2 to 5 microns is prepared. Due, in part, to 
the lack of grafting of polymer to the rubber 
particles, the resulting rubber-reinforced polymer 
does not exhibit the most desirable balance of 
physical properties. 

U.S. Patent No. 3 903 199 relates to a method 
for preparing a rubber-reinforced polymer by 
mass polymerizing a solution of a monoalkanyl 
aromatic monomer, an ethyienically unsaturated 
nitrile and a soluble diene-containing rubber to 
provide a polymerization mixture containing 
rubber particles having an average particle size of 
from 0.7 to 10 microns and a superstate to 
substrate ratio of 0.1:1 to 2.5:1, most preferably 
from 0.3:1 to 1.5:1. Following polymerization, a 
second grafted diene rubber is continuously dis- 
persed into the partially polymerized mixture, the 
second diene rubber having an average particle 
size of from 0.01 to 0.5 microns and being grafted 
with from 0.1 to 2.5 parts of monomer per one 
part of rubber. The described process is directed 
exclusively to the preparation of copolymers of a 
monovinylidene aromatic and an ethyienically 
unsaturated nitril CABS' resins). 

Moreover, improvements in the balance of 
properties of the final, blended products are again 
desired. 

In view of the stated deficiencies in the 
rubber-reinforced products prepared by the 
methods disclosed in the prior art, it remains 
highly desirable to provide a method for pre- 
paring a rubber-reinforced polystyrene-con- 
taining rubber having a bimodal particle size 
distribution and having an improved balance of 
physical properties. 

Accordingly, in one aspect, the present 
invention is a rubber-reinforced polymer 
comprising a polymer derived from one or more 
polymerizable monovinylidene aromatic 
compounds having discrete, grafted rubber par- 
ticles dispersed throughout the polymer, wherein 



from 70 to 95 weight percent of the total amount 
of rubber is present in particles having a volume 
average diameter from 0.5 to 1 .5 micrometer and 
from 5 to 30 weight percent of the total amount of 

5 rubber is present in particles having a volume 
average diameter from 4 to 10 micrometer. In one 
embodiment of this invention, the total amount of 
polymer grafted to the rubber of the smaller size 
rubber particles is at least 1.3 times the weight of 

w the rubber in said particles. 

In a second embodiment, the rubber is a 
homopolymer or copolymer of 1,3-butadiene and 
the amount of polymer grafted to the total rubber 
in both the small and large size rubber particles is 

is at least 1.3 times the weight of the rubber in said 
particles and distributed between the rubber of 
the large and small particles such that the gloss of 
the rubber-reinforced polymer is at least 70 
percent, the elongation is at least 25 percent, the 

20 izod impact, measured in joules per meter (J/m), 
is at least 10 times the percent of butadiene in the 
rubber in the rubber-reinforced polymer and the 
melt-flow rate is at least 3 grams per 10 minutes, 
more preferably 3—12 and most preferably 4—10 

25 g/10 min. 

In another aspect, the present invention is a 
method for preparing the rubber-reinforced 
polymer of one or more monovinylidene aromatic 
compounds having rubber of two different par- 

30 tide sizes dispersed through the aromatic 
polymer matrix. The method comprises mass 
polymerizing a first mixture comprising a solution 
of one or more polymerizable monovinylidene 
aromatic compounds and a rubber in the 

35 presence of an initiator which promotes polymer 
grafting to the rubber (hereinafter referred to as a 
"graft promoting initiator") and at conditions 
sufficient to form a continuous phase containing 
polymer of the monovinylidene aromatic and 

40 discrete particles of highly grafted rubber having 
a volume average diameter from 0.5 to 1.5 
micrometer. A second rubber-containing mixture 
which rubber can be the same as or different from 
the rubber of the first mixture, is subsequently 

45 admixed with the polymerization mixture at con- 
ditions such that the previously formed rubber 
particles remain dispersed throughout the con- 
tinuous polymer phase. The newly added rubber 
comprises from 5 to 30 weight percent of the 

so rubber of the first and second rubber/monomer 
mixtures and is dispersed as discrete particles 
having a volume average diameter from 4 to 10 
microns. 

In a preferred method, the first mixture, prior to 
55 the addition of the second rubber-containing 
mixture, is polymerized at conditions sufficient to 
form a continuous phase of a partially poly- 
merized, monovinylidene aromatic compound 
having highly grafted, rubber particles of the 
so desired size dispersed therethrough and a second 
rubber-containing mixture comprising a solution 
of rubber and one or more polymerizable mono- 
vinylidene aromatic compounds is added to the 
partially polymerized product. Polymerization is 
65 subsequently completed and the polymerization 
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mixture subjected to conditions sufficient to 
remove the unreacted monomers and to crosslink 
the rubber. 

The amounts of polymer grafted to the rubber, 
particularly the amounts of polymer grafted to the 
rubber of the smaller size rubber particles, has 
been found to significantly affect the balance of 
properties of a polymer reinforced with dispersed 
rubber particles having a bimodal size distri- 
bution. Surprisingly, when prepared having the 
bimodal rubber particle size distribution herein- 
before specified, a rubber-reinforced polymer 
having a desirable balance of toughness and 
gloss characteristics can be prepared by suf- 
ficiently grafting the rubber of the smaller size 
particles. Moreover, such rubber-reinforced 
polymers can be prepared at a variety of melt flow 
indexes for use in extrusion or injection molding 
applications. 

Due to the excellent balance of gloss and 
toughness properties, the high impact poly- 
styrene compositions of the present invention are 
useful in a wide variety of applications such as the 
injection molding of refrigerator liners, household 
appliances, toys and furniture. These rubber-rein- 
forced polymers are also useful in extrusion 
applications such as in the preparation of a gloss 
layer using co-extrusion techniques. 

The rubber-reinforced polymers of the present 
invention are derived from one or more mono- 
vinyl idene aromatic compounds. Representative 
monovinylidene aromatic compounds include 
styrene, alkyl substituted styrenes such as a-alkyl- 
styrenes (e.g., a-methyl-styrene and a-ethyl- 
styrene) and ring substituted styrenes (e.g., vinyl- 
toluene, particularly, p-vinyl-toluene, o-ethyl- 
styrene and 2,4-dimethy I -styrene); ring 
substituted halo-styrenes such as chloro-styrene, 
2,4-dichloro-styrene and the like; and styrene 
substituted with both a halo and alkyl group such 
as 2-chloro-4-methylstyrene, vinyl anthracene 
and mixtures thereof. In general, the polymer 
matrix is preferably derived from styrene in 
combination with a-methyl-styrene, with styrene ■ 
being the most preferred monovinylidene 
aromatic compound. 

The rubber employed in preparing the rubber 
modified polymer of the present invention is 
generally a homopolymer or copolymer of an 
alkadiene or a copolymer of ethylene, propylene 
and, optionally, a non-conjugated diene. Advan- 
tageously the rubber is a homopolymer of a 
1,3-conjugated diene such as butadiene, 
isoprene, piperylene, chloroprene and the like or 
a copolymer of said conjugated dienes with a 
monovinylidene aromatic compound such as 
styrene; an a,3-ethylenically unsaturated nitrile 
such as acrylonitrile; an a-olefin such as ethylene 
or propylene; and the like. Although the rubber 
may contain a small amount of a cross-linking 
agent excessive crosslinking can result in loss of 
the rubbery characteristics and/or render the 
rubber insoluble in the monomer. 

The rubbery polymers preferably employed in 
the preparation of both the smaller and larger 



size, disperse rubber particles exhibit a second 
order transition temperature not higher than 
about 0°C and preferably not higher than about 
-20°C as determined by conventional methods, 

6 e.g., ASTM Test Method D-746-52T. Preferred 
rubber polymers are homopolymers of 1,3-buta- 
diene and block or random copolymers of at least 
about 55, more preferably from 65 to 85, weight 
percent, 1,3-butadiene and up to about 45, more 

10 preferably from about 15 to about 35, weight 
percent, of a monovinylidene aromatic 
compound, preferably styrene. The rubber is 
advantageously employed in amounts such that 
the rubber-reinforced polymer product (the 

is rubber in both the small and large particles) 
contains from 3 to 15 weight percent rubber, with 
from 5 to 10 weight percent rubber, based on the 
total weight of the rubber-reinforced polymer, 
being preferred. 

20 In the rubber-reinforced polymer of the present 
invention, the rubber is dispersed throughout the 
polymer matrix as discrete particles having a 
bimodal size distribution with 70 to 95 weight 
percent of the dispersed rubber having a volume 

26 average diameter from 0.5 to 1 .5 micrometer and 
from 5 to 30 weight percent of the dispersed 
rubber having a volume average diameter from 4 
to 10 micrometer. Said particle size (diameter) is 
the diameter of the particles, including all 

30 occlusions generally present in the disperse 
rubber particles of a rubber-reinforced polymer 
prepared using mass polymerization techniques 
and is measured using conventional techniques 
such as by a Coulter Counter supplemented by 

36 visual phase contrast microscopy or electron 
microscopy techniques. 

In one embodiment, the amount of polymer 
grafted to the rubber present in the smaller size 
rubber particle is at least 1.3 times the weight of 

40 the rubber in said particles. 

• Although any suitable method can be 
employed to measure the amounts of grafted 
polymer on the smaller size rubber particle, such 
measurement is difficult using the rubber-rein- 

45 forced polymer containing both the large and 
small rubber particles. More conveniently, the 
amount of polymer grafted to the rubber of the 
smaller particle is more easily determined prior to 
the addition of the second rubber-containing 

so mixture and for the purposes of this invention, the 
grafted polymer on the smaller size rubber par- 
ticles can be measured by preparing a 
rubber-reinforced polymer using the identical 
preparation method employed in preparing the 

65 rubber-reinforced product having disperse rubber 
of a bimodal size distribution except that a second 
rubber-containing mixture is not admixed with 
the polymer containing the smaller size rubber 
particles. (See, for example Note 2 of the Table in 

60 Example 1). Subsequently, the total polymer 
grafted to the rubber of the resulting rubber-rein- 
forced product which contains only the smaller 
size, rubber particles is measured. For the 
purposes of this invention, the grafted polymer is 

65 determined using the selective extraction tech- 
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piques described in Note 2 of the Table in the 
Example. 

Within the foregoing limitations, the rubber 
particle size and amount of each size rubber 
particle and amounts of grafted polymer are 
selected to achieve the balance of properties 
(particularly, the balance of gloss, elongation and 
impact strength) desired in the polymer product 
and will vary depending on the monomer(s), 
rubber(s) and polymerization method employed. 
In general, the rubber-reinforced polymer advan- 
tageously exhibits a gloss of at least 60, pre- 
ferably at least 70, more preferably at least 80, 
percent and an elongation of at least 18, pre- 
ferably at least 25, more preferably at least 30, 
percent Impact strength is particularly dependent 
on the specific rubber employed and its concen- 
tration in the rubber-reinforced polymer. Using 
the preferred homo- or copolymers of 1,3-buta- 
diene, the impact strength, expressed as joules/ 
meter (J/m), is advantageously at least 10, pre- 
ferably at least 12, more preferably at least 14, 
times the percent butadiene in the rubber. 

For the purposes of this invention, the gloss 
values are determined by ASTM Test Method 
designated D-253-80, 60°, on an injected molded 
sample prepared as described in Note 4 in the 
Table of the Example. The impact strength which 
is a notched Izod impact and elongation are 
determined using basic state test specimens 
prepared using the methods described in Inter- 
national Standard 2897/2 and the test methods 
specified therein. The melt flow rates are deter- 
mined by the method of ASTM D-1238, Condition 
G (200°C; 5,000 g load). 

In practice, the balance of properties most 
advantageously exhibited by the rubber-rein- 
forced polymer is dependent on the polymer's 
end use application and can vary widely. For 
example, the products which require a higher 
gloss (i.e., at least 85 percent) often do not require 
an extremely high impact strength (i.e., an impact 
strength, expressed in J/m, of not much in excess 
of 10 times the percent butadiene rubber in the 
product) whereas products which require rela- 
tively high impact strengths (i.e., impact 
strengths, expressed as J/m, of at least 16 times 
the percent butadiene rubber in the product) do 
not require extremely high gloss levels (i.e., a 60 
percent gloss often being sufficient). 

In general, the smaller size rubber particles 
preferably possess a volume average diameter 
from 0.6 to 1.2 micrometer and the larger size 
rubber particles have a volume average diameter 
from*4to 8 micrometer with the rubber-reinforced 
polymer preferably comprising from 80 to 90 
weight percent of the smaller size particles and 
from 10 to 20 weight percent of the larger size 
rubber particles, said weight percents being 
based on the total weight of rubber employed. 
The amount of grafted polymer of the smaller size 
rubber particles is preferably at least 1.5, more 
preferably 1.7 times the weight of the rubber in 
said particles. The total amount of polymer 
grafted to the rubber of both the large and small 



rubber particles is at least 1.3, preferably at least 
1.5, more preferably at least 1.7 times the total 
weight of said rubber. 
The properties of the rubber-reinforced 

5 polymers of this invention are dependent on the 
amounts, if any, of a plasticizer added prior to or 
during the polymerization of the monovinylidene 
aromatic compound(s). The plasticizer or 
lubricant affects the properties of the rubber-rein- 

io forced polymer products, e.g., flow and heat 
resistant properties, and the amounts most 
advantageously employed are determined by the 
desired physical properties. In general, to obtain 
the most desirable balance of properties, the 

is plasticizer or lubricant is advantageously 
employed in relatively high concentrations of up 
to 15, preferably from 1 to 8, more preferably 
from 1 to 7, weight percent based on the total 
weight of the rubber-reinforced polymer. 

20 In the practice of the present invention, a 
rubber-reinforced polymer having the highly 
grafted, smaller size, rubber particles is prepared 
by mass polymerizing a first mixture comprising a 
solution of the rubber and monomer in the 

25 presence of a graft promoting initiation means at 
conditions sufficient to form highly grafted, 
rubber particles of the desired particle size 
dispersed throughout the polymerized monomer. 
In generar, continuous methods for mass poly- 

30 merizing the monomer in the monomer/rubber 
solution which results in a highly grafted, rubber 
particle of the desired particle size are advan- 
tageously employed. The .polymerization is pre- 
ferably conducted in one or more substantially 

35 linear stratified flow or so-called plug-flow type 
reactors such as described in U.S. Patent 
2,727,884, which may or may not comprise recir- 
culation of a portion of the partially polymerized 
product or, alternatively, but less preferably, in a 

40 stirred tank reactor wherein the contents of the 
reactor are essentially uniform throughout. In 
general, in mass polymerization processes using 
a plug-flow type reactor, upon initial formation of 
polymer, the initially present polymer comes out 

45 of solution and forms a discontinuous phase 
comprising polymer dissolved in monomer dis- 
persed throughout a continuous phase of the 
solution of rubber and monomer. Eventually, 
sufficient amounts of the monomer are 

so polymerized and the discontinuous phase 
becomes the continuous phase with the rubber 
forming a discontinuous phase dispersed there- 
through. This phenomenon is referred to as 
"phase inversion" which term means generally 

ss the conversion of the polymer from a discon- 
tinuous phase dispersed in the continuous phase 
of the rubber through the point where there is no 
distinct continuous or discontinuous phase in the 
polymerization mixture to a continuous polymer 

60 phase having the rubber dispersed therethrough. 
Alternatively, using continuous polymerization 
techniques and a stirred tank reactor, phase 
inversion occurs essentially immediately upon 
the addition of the monomer/rubber solution to 

65 the remainder of the polymerization mixture. 
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Any initiator capable of imparting the desired 
grafting of polymer to the rubber of the smaller 
size rubber particle at the conditions of poly- 
merization employed can be suitably employed 
as the graft promoting initiation means in the s 
preparation of the rubber-reinforced polymer. 
The efficiency of an initiator in promoting 
polymer grafting is dependent on the tem- 
perature of polymerization, initiator and rubber 
concentrations. Initiators which sufficiently w 
promote graft at the desired polymerization tem- 
peratures are generally free radical type initiators 
and are readily determinable by persons killed in 
the art. (See, for example, Kinetik der Radi- 
kalischen Propfung von Styrol auf Polybutadiene 15 
by J. P. Fischer in Bio Angewandte Makro- 
molekulare Chemie, Vol. 33, No. 485, 1973, ppg. 
35— -74). Representative of such initiators include 
the peroxide initiators such as the peresters, e.g., 
tertiary butyl peroxybenzoate and tertiary butyl 20 
peroxyacetate, dibenzoyl peroxide, dilauroyl 
peroxide, 1,1 -bis tertiary butyl peroxy- 
cyclohexane, 1,3-bis tertiary butyl peroxy - 
3,3,5 -trimethyl cyclohexane, di-cumyl peroxide; 
photo chemical initiation techniques and the like. 25 
Preferred high graft initiators include dibenzoyl 
peroxide, tertiary butyl peroxy benzoate, 1,1 -bis 
tertiary butyl peroxy cyclohexane and tertiary 
butyl peroxy acetate. In general, to obtain the 
desirably high level of polymer grafting on the 30 
small rubber particles, the initiator is used in 
refatively high concentrations. Such concen- 
trations are dependent on a variety of factors 
including the specific initiator employed, the 
desired levels of polymer grafting and " the 35 
conditions at which the mass polymerization is 
conducted. Specifically, in the preferred process 
for preparing rubber-reinforced polymers which 
employs one or more substantially linear flow or 
plug-flow type reactors, from about 100 to 2000, 40 
preferably from 150 to 1000, weight parts of the 
initiator are employed per million weight parts of 
monomer. Alternatively, if the polymerization is 
conducted in a continuous manner using a stirred 
tank reactor where the contents of the reactor are 45 
essentially uniform throughout, from 200 to 5000 
weight parts of the graft promoting initiator are 
employed per million parts of monomer. 

In addition to the monomer, rubber and graft 
promoting initiator, the mass polymerization so 
mixture preferably contains the aforementioned 
plasticizer or lubricant and optionally, but advan- 
tageously, reaction diluent Reaction diluents 
advantageously employed include normally 
liquid organic materials which form a solution 55 
with the polymerizable monomers and the 
polymer prepared therefrom. Representative of 
such organic liquid diluents include aromatic and 
inertly substituted aromatic hydrocarbons such 
as benzene, ethylbenzene, toluene, xylene or the so 
like; saturated or inertly substituted, saturated 
aliphatics having either straight or branched 
chain of 5 or more carbon atoms, such as 
heptane, hexane, octane or the like; alicyclic or 
inertly substituted alicyclic hydrocarbons having 55 



5 or 6 carbon atoms such as cyclohexane and the 
like. Preferred of such organic liquid diluents 
employed herein are the inertly substituted 
aromatics; with ethylbenzene and xylene being 
most preferred. If employed, the reaction diluent 
is generally employed in an amount from 2 to 20 
weight percent based on the total weight of 
rubber, monomer and diluent. 

Although the plasticizer or lubricant can be 
added at any intermediate stage of poly- 
merization, it is preferable to add it with the feed 
stream of the monomer/rubber solution and the 
feed stream advantageously contains up to 15, 
preferably from 2 to 8, weight percent of the 
plasticizer or lubricant based on the total weight 
of monomer and rubber. 

The mass polymerization mixture preferably 
contains other materials such as an antioxidant 
(e.g., alkylated phenols such as di - tert - butyl - 
p - cresol or phosphites such as trisnonyl phenyl 
phosphite); a polymerization aid, e.g., chain 
transfer agent such as an alky) mercaptan such as 
n-dodecyl mercaptan or a mold release agent, 
e.g., zinc stearate. In general, to facilitate 
obtaining the polymer graft on the rubber of the 
smaller rubber particle having the most desirable 
molecular weight the chain transfer agent if 
employed, is generally employed in amounts 
ranging from 0.01 to 0.5 weight percent based on 
the first rubber/monomer mixture and is added to 
the polymerization mixture only after phase 
inversion. The mold release agent, if employed, is 
generally preferably added after phase inversion. 

The temperatures at which polymerization is 
most advantageously conducted are dependent 
on the specific components, particularly graft 
promoting initiator, employed but will generally 
vary from 60° to 190°C. 

Subsequent to phase inversion and, following 
essential size stabilization of the highly grafted, 
small size, rubber particles, the polymer con- 
taining the small size rubber particles is admixed 
with a second rubber-containing mixture and the 
rubber-reinforced polymer product having rubber 
of a bimodal size distribution is prepared. 

In one method for preparing the rubber-rein- 
forced polymer product, the polymerization of the 
partially polymerized mixture that contains the 
highly grafted, small size, rubber particle is 
completed and subjected to conditions sufficient 
to crosslink the rubber and remove any unreacted 
monomer. Subsequently, this polymer product is 
mechanically blended with the desired amounts 
of another polymer product containing the large 
size rubber articles at conditions to form the 
rubber-reinforced polymer product having rubber 
particles of a bimodal size distribution dispersed 
therethrough. 

In another method for preparing the 
rubber-reinforced polymer product, a partial poly- 
merizate comprising a polymerized mono- 
vinylidene aromatic compound having rubber of 
a larger particle size dispersed therethrough is 
admixed with a partial polymerizate of 
the polymerized monovinylidene aromatic 
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compound having the highly grafted, smaller size, 
rubber particles dispersed therethrough. Poly- 
merization of the resulting mixture is subse- 
quently completed and the mixture then 
subjected to conditions sufficient to crosslink the s 
rubber and remove residual monomer. 

In the preferred method for preparing the 
rubber-reinforced polymer product, the second 
rubber containing mixture comprises a solution 
of one or more polymerizable monomers of a to 
monovinylidene aromatic compound and rubber. 
This second rubber/monomer solution is admixed 
with the polymerization mixture comprising a 
partial polymerizate of a monovinylidene 
aromatic compound having the highly grafted, ts 
smaller size, rubber particles dispersed there- 
through and polymerization subsequently 
completed. 

In general, the second monomer/rubber 
solution added to the polymerization mixture 20 
advantageously comprises the rubber, poly- 
merizable monomer(s) or a monomer/polymer 
blend, and optionally, other components such as 
a reaction diluent, polymerization aids, e.g., 
initiator and/or chain transfer agent, and the like. 25 
Both the rubber and monovinylidene aromatic 
compound(s) can be different from those in the 
first rubber-containing mixture, but the rubber 
and monovinylidene aromatic compound(s) are 
generally the same as found in the initial feed. In 30 
general, the second rubber solution is added to 
the polymerization mixture prior to the polymer 
grafting of the rubber in solution with the 
monomer. Alternatively, the rubber can be 
partially grafted with polymer prior to its addition. 35 
The degree to which the polymer is pre-grafted 
can be varied over wide ranges with the most 
advantageous amount of polymer pre-grafting 
varying depending on the specific monomer and 
rubber employed and the desired properties of 40 
the finished product. 

Following addition of the second solution of 
monomer and rubber of the polymerization 
mixture, the added rubber is dispersed in the 
continuous polymer phase at the desired particle *s 
size. Polymerization is completed by subjecting 
the admixture to elevated temperatures which 
generally range from 100° to 190°C and then 
subjecting the admixture to conditions sufficient 
to crosslink the rubber and remove any unreacted so 
monomer. 

Using any of the illustrated embodiments, 
crosslinking of the rubber in the polymerized 
monomer and removal of the unreacted 
monomers, as well as any reaction diluent if 55 
employed, and other volatile materials is advan- 
tageously conducted employing conventional 
devolatilization techniques, such as introducing 
the polymerization mixture into a devolatilization 
chamber, flashing off the monomer and other so 
volatiles at elevated temperatures, e.g., from 200° 
to 300°C, under vacuum and removing them from 
the chamber. 

The following examples are set forth to 
illustrate the advantages of the present invention ss 



and should not be construed to limit its scope. In 
the examples, all parts and percentages are by 
weight unless otherwise indicated. 



Example 1 

A rubber-reinforced polymer of styrene 
comprising a polystyrene matrix having rubber of 
a bimodal particle size distribution dispersed 
therethrough is prepared using several plug-flow 
type reactors essentially as described in U.S. 
Patent No. 2,727,884. The reactors are connected 
in series and each reactor is equipped with a 
variable speed agitator and heating and cooling 
means. To the top of the first reactor is con- 
tinuously added 85 parts of a solution comprising 
7.2 percent of a low cis polybutadiene rubber sold 
as Diene 55 NF-A by the Firestone Tire and 
Rubber Co., 8.5 percent ethylbenzene, 4.5 percent 
refined mineral oil, 0.035 percent tertiary butyl 
peroxybenzoate, a graft promoting initiator, and 
the balance styrene. The polymerization con- 
ditions are controlled such that after phase 
inversion, highly grafted, rubber particles of a 
desirably small size are dispersed throughout a 
partially polymerized polymer of styrene. When 
the solids content of the polymerization mixture 
approximates 50 percent, 15 parts of a second 
rubber-containing mixture having the same 
composition as that added to the top of the first 
reactor is added to the polymerization mixture. A 
n-dodecyl mercaptan (300 weight parts per 1 
million weight parts of the feed stream) chain 
transfer agent, a mold release agent and an 
antioxidant are added to the polymerization 
mixture after phase inversion but prior to the 
addition of the second rubber-containing mixture. 
Following the addition of the second mixture, 
polymerization is continued at conditions such 
that the newly added rubber becomes dispersed 
through the polymer phase as rubber particles 
having a desirably large particle size. Poly- 
merization is then continued until the desired 
conversion of monomer to polymer is achieved. 
The resulting mixture is then discharged from the 
base of the last reactor and passed to a 
devolatilizer, wherein the rubber is further cross- 
linked and the residual monomer and ethyl- 
benzene are removed from the polymerization 
mixture and recycled to the polymerization 
process. This rubber-reinforced polystyrene is 
designated Sample No. 1. 

A rubber-reinforced polystyrene comprising 
rubber having a bimodal particle size distribution 
is prepared using the techniques described in 
preparing Sample No. 1 except that the feed 
solution contained 5 percent of a refined mineral 
oil and 0.04 percent of the graft promoting 
initiator and 500 weight parts of a chain transfer 
agent per 1 million weight parts of the feed 
stream is employed. In addition, in the second 
rubber-containing mixture, no initiator is present 
The rubber-reinforced polystyrene thus prepared 
is designated Sample No. 2. 
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Comparative Example A 

A rubber-reinforced polystyrene having dis- 
persed rubber particles of a monomodal particle 
size is prepared using the techniques described in 
Example No. 1 except that the first and second 5 
rubber-containing mixtures are blended and the 
resulting blend added to the top of the first 
reactor. No subsequent addition of rubber is 
conducted. The rubber-reinforced polystyrene 
thus prepared is designated Sample No. A. to 

Comparative Example B 

A rubber-reinforced polystyrene having dis- 
persed rubber particles of a monomodal size 
distribution is prepared in an identical manner to '5 
that employed in preparing Sample No. A except 
that the agitation speeds are controlled so as to 
increase the particle size of the dispersed rubber. 
The rubber-reinforced polystyrene prepared 
using these techniques is designated Sample No. 20 
B. 

Comparative Example C 

A rubber-reinforced polystyrene having rubber 
particles of a bimodal particle size distribution is 2s 
prepared using the techniques described in 
Example No. 1 except that the agitator speeds are 
controlled such that the particle size of the larger 
rubber particles is reduced sufficiently to make 
the rubber-reinforced polystyrene product *o 



outside of the scope of the present invention. The 
rubber-reinforced polystyrene thus prepared is 
designated Sample No. C. Although the average 
physical properties specified in Table I indicate 
the product of this comparative example to have a 
desirable balance of toughness and gloss charac- 
teristics, the measured impact strengths were 
erratic, varying from far below the reported value 
to somewhat above the reported figure. 

Comparative Example D 

A rubber-reinforced polystyrene having a 
rubber of bimodal particle size distribution dis- 
persed through a continuous polystyrene matrix 
is prepared using the techniques of Example No. 
1 except that the agitation is controlled such that 
the size of the smaller rubber particles is 
increased sufficiently to make the polystyrene 
product outside the scope of the present 
invention. The rubber-reinforced polystyrene 
product prepared using these techniques is 
designated Sample No. D. 

The particle size of the disperse rubber phase, 
the total amount of grafting on both the large and 
small rubber particles, the amounts of grafting on 
the small rubber particles, the izod impact 
strength, gloss and elongation at break of Sample 
Nos. 1, 2 and A— D are measured. The results of 
these measurements are set forth in the 
accompanying table. 



TABLE I 



Disperse rubber phase (1> 





Smaller size 


Larger size 






urarr-' 


Sample 
No. 


Total 
rubber % 




Small rubber 
particle 


RPS 


% 


RPS 


% 


Total 


1 


1.0 


85 


6.5 


15 


8.5 


1.37 


1.51 


2 


1.0 


85 


6.0 


15 


8.5 


1.54 


1.71 


A* 


1.0 


100 






8.5 


1.51 




B* 


2.2 


100 






8.5 


1.55 




C* 


1.0 


85 


3.0 


15 


8.5 


1.38 


1.51 


D* 


2.2 


85 


6.5 


15 


8.5 


1.40 


1.55 



SB 



60 



65 



8 



0 096 447 

TABLE I (continued) 
Izod impact strength* 3 ' 

Elongation 
at break, % (5) 



Sample 
No. 


J/m 


N 


Gloss, % w 


l 


117 
1 1 / 


13 7 


75 


2 


134 


15.8 


75 


A* 


117 


13.7 


85 


B* 


171 


20.1 


35 


C* 


112 


13.2 


80 


D* 


160 


18.8 


25 



40 
30 
14 
20 
20 
40 

* Not an example of the present invention. 

n> The disperse rubber phase is characterized by particle size, the total percent of rubber in the product and 
the percent of the total rubber having the smaller and larger size rubber particles. RPS refers to volume 
average particle size of the rubber particles in micrometers, % refers to the weight percent of the total 
rubber having a smaller or larger size rubber particles, respectively, and the total weight of the rubber in 
the rubber-reinforced polymer based on the total weight of said product. Rubber size is determined using 
a commercially available particle size analyzer (e.g., a Coulter Counter) supplemented as necessary by 
visual phase contrast microscopy. 

(2) Total graft is the total amount of polymer chains grafted to one or more rubber chains (both large and 
small rubber particles) and is measured using cold solvent extraction techniques. Specifically, the 
polystyrene is extracted from the rubber-reinforced polymer by first using a solvent of 80 parts acetone 
and 20 parts cyclohexane. After separation of the dissolved polystyrene, extraction is repeated using a 
solvent of 50 parts acetone and 50 parts methyl ethyl ketone. This later extraction is repeated once more 
on the undissolved residue. The undissolved sample is then dried and weighed. (Weight A). The weight 
is the total weight of the rubber and grafted polymer. The amount of rubber is determined by a method 
involving the reaction of the ethylenic bonds in the polymerized butadiene of the product with iodine 
monochloride, with the amount of rubber (Weight B) being determined using an excess of iodine 
monochloride by back titrating the unreacted iodine monochloride with a solution of sodium thiosulfate 
and 

Weight A-Weight B 
Graft= 



Weight B 

the polymer grafted to the rubber particles of the smaller size is determined using similar techniques on 
a rubber-reinforced polystyrene comprising only the smaller size rubber particles. Specifically, for 
Sample No. 1, a rubber-reinforced polymer is prepared using the techniques employed in preparing 
Sample No. 1 except that 100 parts of the rubber/monomer solution is added to the top of the first reactor 
and no additional rubber is added to the polymerization mixture (i.e., Example A). 

<3) Izod impact is notched Izod impact expressed in joules/meter (J/m), measured on basic state test 
specimens prepared using the methods described in International Standard 2897/2 and the test methods 
specified therein with N being the ratio of Izod impact expressed in J/m to the weight percent 
polymerized butadiene in the rubber. 

t4) Gloss is measured using ASTM Test Method D523-80, 60° on a sample having dimensions of 10 cmxio 
cmx2 mm which has been injection molded at a mold temperature of 40°C and a melt temperature of 
215°C. The mold employed is a smooth surface mold having surface roughness factor 0.02. To prepare 
the test specimen the rubber-reinforced polymer is injected at an injection pressure which is increased 
until a flash molding appears and then reduced to a pressure such that no excess material (flash 
molding) appears. The injection pressure at that point is employed. The gloss is measured 3.5 cm from 
the side of the sample opposite the point of injection in the middle of the sample width. 

(5 > Elongation is determined on basic state test specimens prepared, using techniques described by 
International Standard 2897/2 and the test methods specified therein. 
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As evidenced by the data in the foregoing table, 
the balance of properties is obtained only when 
the highly grafted, smaller size, rubber particles 
and larger size, rubber particles are within the 
particle sizes specified in the present invention. s 
Specifically, if the particle size of the larger rubber 
particle becomes too small, the elongation at 
break of the rubber-reinforced polymer decreases 
to an unacceptable level. Alternatively, if the 
rubber particle size of the smaller size particle jo 
becomes too large, the gloss is reduced to an 
unacceptable level. In addition, the results 
reported in the attached table indicate that the 
smaller rubber particle size must be highly 
grafted. The rubber-reinforced polymers is 
prepared having a dispersed rubber phase of a 
monomodai particle size are found not to possess 
the desired toughness and gtoss balance. In 
addition, the melt flow rates of Sample Nos. 1 and 
2, as measured using the test method designated 20 
ASTM D-1238, Condition G (200°C; 5,000 g load), 
vary from 7 to 9 g/10 min. 

Example 2 

A rubber-reinforced polymer of styrene com- 25 
prising a polystyrene matrix having rubber of a 
bimodal particle size distribution dispersed there- 
through is prepared using the techniques 
employed in the preparation of Sample No. 1 of 
Example No. 1 except that the first rubber/ 30 
monomer mixture contains 0.02 percent of 1,1 -bis 
tertiary butyl peroxycyclohexane, a graft 
promoting initiator, in place of the tertiary butyl 
peroxybenzoate and 5 percent of a refined 
mineral oil. When the polymerization mixture 35 
reaches about 35 percent solids, 30 percent of the 
partially polymerized mixture which contains 
highly grafted rubber is recirculated and 
combined with the first rubber/monomer feed 
mixture. <o 

The resulting rubber-reinforced polymer • 
product has a bimodal particle size distribution 
with volume average particle sizes of 1.0 and 6.0 
micrometers and a total small particle graft 
content of at least 1.3 times the weight of the 45 
rubber in the small particles. It exhibits a gloss of 
79 percent, an Izod impact of 121 J/m, which is 
about 14 times the percent of rubber contained in 
the product, and an elongation of 21 percent 

Using a recirculation rate of 50 percent, similar so 
properties were obtained in the resulting 
rubber-reinforced polymer product. 

Example 3 

Using the method of Example 1, a rubber-rein- ss 
forced polymer of styrene comprising a poly- 
styrene matrix having rubber of a bimodal 
particle size distribution dispersed therethrough 
is prepared using the techniques employed in 
Example No. 1 except that the first rubber/ 60 
monomer mixture contains 0.02 percent of 1 ,1-bis 
tertiary butyl peroxycyclohexane. A graft 
promoting initiator, in place of the tertiary butyl 
peroxybenzoate, and 2.5 percent of a refined 
mineral oil and no graft promoting initiator is ss 



included in the second rubber-containing 
mixture. The resulting rubber-reinforced polymer 
product has a bimodal particle distribution with 
volume average particle sizes of 1.0 and 6.0 
micrometers and a total small particle graft 
content of at least 1.3 times the weight of rubber 
in the small particles. It exhibits a gloss of 84 
percent, an Izod impact of 92 J/m, which is about 
11 times the percent of rubber contained in the 
product and an elongation of 27 percent. The melt 
flow rate is 4.5 g/10 min. 

Example 4 

A rubber-reinforced polymer of styrene 
comprising a polystyrene matrix having rubber of 
a bimodal particle size distribution dispersed 
therethrough is prepared using identical tech- 
niques employed in Example No. 3 except that 
rubber employed in preparing the large and small 
rubber particles is a low-cis polybutadiene rubber 
sold as Diene 35 NF-A by the Firestone Tire and 
Rubber Co. The resulting rubber-reinforced 
polymer product has a bimodal particle size 
distribution with volume average particle sizes of 
1.0 and 6.0 micrometers and a total small particle 
graft content of at least 1.3 times the weight of 
rubber in the small particles. It exhibits a gloss of 
80 percent, an Izod impact of 92 J/m which is also 
about 1 1 times the percent of rubber contained in 
the product and an elongation of 38 percent The 
melt flow rate is 6 g/10 min. 

Example 5 

Using techniques identical to that of Example 
No. 3, a rubber-reinforced polymer of styrene 
comprising a polystyrene matrix having rubber of 
a bimodal particle size distribution dispersed 
therethrough is prepared except that the rubber/ 
monomer mixtures contain 6.1 percent rubber 
(Diene 55). The resulting rubber-reinforced 
polymer product which contains 7 weight percent 
rubber (85 percent of the rubber having an 
average particle size of 1 micrometer and 15 
percent of the rubber having an average particle 
size of 6 micrometers with a small particle graft 
content of at least 1.3 times the weight of rubber 
in the small particles. It exhibits a gloss of 85 
percent, an Izod impact of 80 J/m which is about 
11 times the percent of rubber contained in the 
product and an elongation of 44 percent The melt 
flow rate was 4.8 g/10 min. 

Example 6 

A rubber-reinforced polymer of styrene 
comprising a polystyrene matrix having rubber 
bimodally dispersed therethrough is prepared 
using 1,1 -bis tertiary butyl peroxycyclohexane. 
The matrix is prepared with the rubber (Diene 55} 
comprising 5.4 percent of the rubber-reinforced 
rubber product and with 74 percent of the rubber 
having an average particle size of 1 micrometer, 
the amount of polymer blend grafted thereto 
being at least 1.3 times the weight of rubber in the 
particles, 26 percent of the rubber having an 
average particle size of 6 micrometers. The 
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product further contains 3.4 percent mineral oil. 
The resulting rubber-reinforced polymer product 
exhibits a gloss of 74 percent, an Izod impact of 81 
J/m which is about 15 times the amount of rubber 
contained in the product and an elongation of 40 
percent. 

Claims 

1. A rubber-reinforced polymer comprising a 
polymer derived from one or more polymerizable 
monovinylidene aromatic compounds having 
discrete, grafted rubber particles dispersed 
throughout the polymer, wherein from 70 to 95 
weight percent of the total amount of rubber is 
present in particles having a volume average 
diameter from 0.5 to 1 .5 micrometer and from 5 to 
30 weight percent of the total weight of rubber is 
present in particles having a volume average 
diameter from 4 to 10 micrometer and the total 
amount of polymer grafted to the rubber of the 
smaller size rubber particles is at least 1.3 times 
the weight of rubber in said smaller particles. 

2. The rubber-reinforced polymer of Claim 1 
wherein the rubber is a homo- or copolymer of 
1,3-butadiene and the monovinylidene aromatic 
compound is styrene. 

3. The rubber-reinforced polymer of Claim 2 
wherein the particle sizes of the rubber, the 
amount of each particle size and the polymer graft 
are such that the rubber-reinforced polymer 
exhibits an elongation of at least 18 percent, a 
gloss of at least 70 percent and an impact 
strength, expressed as joules/meter, of at least 10 
times the percent of polymerized butadiene in the 
rubber-reinforced polymer. 

4. The rubber-reinforced polymer of Claim 2 
wherein the particle sizes of the rubber, the 
amount of each particle size and the polymer graft 
are such that the rubber-reinforced polymer 
exhibits an elongation of at least 25 percent, a 
gloss of at least 80 percent and an impact 
strength, expressed as joules/meter, of at least 12 
times the percent of polymerized butadiene in the 
rubber-reinforced polymer. 

5. The rubber-reinforced polymer of Claim 2 
wherein the particle sizes of the rubber, the 
amount of each particle size and the polymer graft 
are such that the rubber-reinforced polymer 
exhibits an elongation of at least 25 percent, a 
gloss of at least 60 percent and an impact 
strength, expressed as joules/meter, of at least 16 
times the percent of polymerized butadiene in the 
rubber-reinforced polymer. 

6. The rubber-reinforced polymer of Claim 2 
wherein the particle sizes of the rubber, the 
amount of each particle size and the polymer graft 
are such that the rubber-reinforced polymer 
exhibits an elongation of at least 25 percent, a 
gloss of at least 90 percent and an impact 
strength, expressed as joules/meter, of at least 10 
times the percent of polymerized butadiene in the 
rubber-reinforced polymer. 

7. The rubber-reinforced polymer of Claim 2 
wherein the rubber-reinforced polymer 



comprises from 5 to 10 weight percent rubber 
based on the total weight of the rubber-reinforced 
polymer, the volume average diameter of from 80 
to 90 weight percent of said rubber is from 0.6 to 

5 1.2 micrometer, the volume average diameter of 
from 10 to 20 weight percent of said rubber is 
from 4 to 8 micrometer and the rubber-reinforced 
polymer further comprises from 1 to 7 weight 
percent mineral oil, said weight percent being 

to based on the weight of the rubber-reinforced 
polymer. 

8. A rubber-reinforced polymer comprising a 
polymer derived from one or more polymerizable 
monovinylidene aromatic compounds having 

is discrete, grafted rubber particles of a homo- 
polymer or copolymer of 1,3-butadiene dispersed 
throughout the polymer, wherein from 70 to 95 
weight percent of the total amount of rubber is 
present in particles having a volume average 

20 diameter of from 0.5 to 1.5 micrometers and 5 to 
30 weight percent of the total weight of rubber is 
present in particles having a volume average 
diameter of from 4 to 10 micrometers and the 
total amount of polymer grafted to the total 

25 rubber of both the small and large size rubber 
particles is at least 1.3 times the weight of the 
rubber in said particles and is distributed between 
the rubber of the large and small particles such 
that the gloss of the rubber-reinforced polymer is 

30 at least 70 percent, the elongation is at least 18 
percent, the Izod impact, measured in joules per 
meter (J/m), is at least 10 times the percent of 
butadiene in the rubber and the melt flow index is 
3 to 12 g/10 min as determined by the method of 

36 ASTM D-1238, Condition G. 

9. A method for preparing a rubber-reinforced 
polymer of one or more monovinylidene aromatic 
compounds having rubber of two different par- 

4Q tide sizes dispersed through the aromatic 
4i polymer matrix, the method comprising the steps 
of mass polymerizing, in one or more substan- 
tially linear, stratified flow reactors, a first mixture 
comprising a solution of one or more poly- 
4S merizable monovinylidene aromatic compounds 
and a rubber in the presence of an initiator which 
promotes polymer grafting to the rubber to form 
a continuous phase containing polymer of mono- 
vinylidene aromatic compound and discrete par- 
so tides of highly grafted rubber particles having a 
volume average diameter from 0.5 to 1.5 micro- 
meter; subsequently admixing a second 
rubber-containing mixture, which rubber can be 
the same as or different from the rubber of the 
ss first mixture, with the polymerization mixture at 
J " a conditions such that the previously formed 
rubber particles remain dispersed throughout the 
continuous polymer phase and wherein the newly 
added rubber comprises from 5—30 weight 
go percent of the rubber of the first and second 
ot rubber/monomer solutions and is dispersed as 
discrete particles having a volume average 
diameter from 4 to 10 micrometer. 

10. The method of Claim 9 wherein the rubber 
65 in the second rubber-containing mixture is pre- 
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grafted prior to the addition of the second mixture 
to the polymerization mixture. 

11. The method of Claim 9 wherein the poly- 
merization is conducted using continuous, mass 
polymerization techniques and the first mixture, s 
prior to admixture with the second rubber-con- 
taining mixture, is polymerized at conditions 
sufficient to form a continuous phase comprising 

a partial polymerizate of the monovinylidene 
aromatic compound having the highly grafted, to 
rubber particles of the desired size dispersed 
therethrough, the second rubber-containing 
mixture comprises a solution of rubber and one 
or more polymerizable monovinylidene aromatic 
compounds and, after the admixture of the first ts 
and second mixtures, polymerization is subse- 
quently completed and the polymerization 
mixture subjected to conditions sufficient to 
remove the unreacted monomers and to crosslink 
the rubber. 20 

12. The method of Claim 9 wherein, prior to 
admixture with the second rubber-containing 
mixture, the first mixture is polymerized at 
conditions sufficient to form a continuous phase 
comprising a partial polymerizate of the mono- 25 
vinylidene aromatic compound having the highly 
grafted, rubber particles of the desired size 
dispersed therethrough and the second 
rubber-containing mixture is polymerized at 
conditions sufficient to form a continuous phase 30 
comprising a partial polymerizate of one or more 
monovinylidene aromatic compounds having 
rubber particles of the desired size dispersed 
therethrough and, after the admixture of the first 

and second mixtures, polymerization is subse- 35 
quently completed and the polymerization 
mixture subjected to conditions sufficient to 
remove the unreacted monomers and to crosslink 
the rubber. 

40 

Patentanspruche 

1. Mrt Kautschuk verstarktes Polymer 
enthaltend ein Polymer, abgeleitet von 
einem oder mehreren polymerisierbaren 45 
monovinylidenaromatischen Verbindungen mit 

im gesamten Polymeren dtspergierten diskreten 
gepfropften Kautschukteilchen, wobei von 70 — 95 
Gew.% des gesamten anwesenden teilchen- 
formigen Kautschuks einen mittleren Volumen- 50 
durchmesser von 0,5 bis 1,5 urn und von 5—30 
Gew.% des gesamten anwesenden teilchen- 
fdrmigen Kautschuks einen mittleren Volumen- 
durchmesser von 4 bis 10 urn aufweisen und die 
Gesamtmenge des auf Kautschukteilchen 55 
mit kleinerer TeilchengrdSe auf gepfropften 
Polymeren mindestens das 1,3 fache des 
Gewichts des Kautschuks dieser kleineren 
Teilchen betrigt 

2. Mit Kautschuk verstarktes Polymer nach 60 
Anspruch 1, dadurch gekennzeichnet, daft der 
Kautschuk ein Homo- oder Copolymer von 
1,3-Butadien ist und die monovinyliden- 
aromatische Verbindung Styrol ist. 

3. Mit Kautschuk verstarktes Polymer nach 65 



Anspruch 2, dadurch gekennzeichnet daft die 
TeilchengrdSen des Kautschuk, die Menge von 
jeder TeilchengroSe und die Polymerpfropfung 
derart sind, daS das mit Kautschuk verstarkte 
Polymer eine Dehnung von mindestens 18%, 
einen Glanz von mindestens 70% und eine 
Schlagzahigkeit in Joule/m von mindestens dem 
lOfachen des Prozentsatzes von im mit Kautschuk 
verstarkten Polymer polymerisierten Butadien 
aufweist 

4. Mit Kautschuk verstarktes Polymer nach 
Anspruch 2, dadurch gekennzeichnet, daS die 
TeilchengroSe des Kautschuk, die Menge von 
jeder TeilchengroSe und die Polymerpfropfung 
derart sind, daS das mit Kautschuk verstarkte 
Polymer eine Dehnung von mindestens 25%, 
einen Glanz von mindestens 80% und eine 
Schlagzahigkeit in Joule/m von mindestens dem 
12fachen des Prozentsatzes von im mit Kautschuk 
verstSrkten Polymer polymerisierten Butadien 
aufweist 

5. Mit Kautschuk verstarktes Polymer nach 
Anspruch 2, dadurch gekennzeichnet daS die 
TeilchengrdSe des Kautschuk, die Menge von 
jeder TeilchengrdSe und die Polymerpfropfung 
derart sind, daS das mit Kautschuk verstarkte 
Polymer eine Dehnung von mindestens 25%, 
einen Glanz von mindestens 60% und eine 
Schlagzahigkeit in Joule/m von mindestens dem 
16fachen des Prozentsatzes von im mit Kautschuk 
verstarkten Polymer polymerisierten Butadien 
aufweist. 

Mit Kautschuk verstarktes Polymer nach An- 
spruch 2, dadurch gekennzeichnet daS die 
TeilchengrdSe des Kautschuk, die Menge von 
jeder TeilchengrdSe und die Polymerpfropfung 
derart sind, daS das mit Kautschuk verstarkte 
Polymer eine Dehnung von mindestens 25%, 
einen Glanz von mindestens 90% und eine 
Schlagzahigkeit in Joule/m von mindestens dem 
lOfachen des Prozentsatzes von im mit Kautschuk 
verstarkten Polymer polymerisierten Butadien 
aufweist. 

7. Mit Kautschuk verstarktes Polymer nach 
Anspruch 2, dadurch gekennzeichnet, daS das mit 
Kautschuk verstarkte Polymer von 5 — 10 Gew.% 
Kautschuk bezogen auf das Gesamtgewicht des 
mit Kautschuk verstarkten Polymers enthalt, 
wobei der mittlere Volumendurchmesser von 
80—90 Gew.% dieses Kautschuks von 0,6 — 1,2 
|im betrSgt, der mittlere Volumendurchmesser 
von 10 — 20 Gew.% dieses Kautschuks von 4 — 8 
urn betragt und das mit Kautschuk verstarkte 
Polymer weiterhin von 1 — 7 Gew.% Mineraldl 
bezogen auf das Ge wicht des mit Kautschuk 
verstarkten Polymer enthalt. 

8. Mit Kautschuk verstarktes Polymer 
enthaltend ein Polymer, abgeleitet von einem 
oder mehreren polymerisierbaren mono- 
vinylidenaromatischen Verbindungen mit im 
gesamten Polymeren dispergierten diskreten 
gepfropften Kautschukteilchen eines Homo- oder 
Copolymeren von 1,3-Butadien, woebi 70 — 95 
Gew.% des gesamten anwesenden teilchen- 
fdrmigen Kautschuks einen mittleren Volumen- 
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durchmesser von 0,5 bis 1,5 um und 5—30 
Gew.% des gesamten anwesenden teilchen- 
formigen Kautschuks einen mittleren Volumen- 
durchmesser von A — 10 urn aufweisen und die 
Gesamtmenge des auf den gesamten Kautschuk 
aus kleinen und groBen Kautschukteilchen auf- 
gepfropften Polymeren mindestens das 1,3fache 
des Kautschukgewichtes derTeiichen betragt und 
zwischen den groBen und kleinen Kautschuk- 
teilchen so verteilt ist, daB der Glanz des mit 
Kautschuk verstarkten Polymeren mindestens 
70%, die Dehnung mindestens 18% betrag tund 
die Izod Kerbschlagzahigkeit in Joules/m 
mindestens das 10fache des Prozentsatzes von 
Butadien im Kautschuk und der SchmelzfluSindex 
bestimmt nach ASTM D-1238, Bedingung G 3—12 
g/10 min. betragt. 

9. Verfahren zum Herstellen eines mit Kaut- 
schuk verstfirkten Polymer aus einem oder 
mehreren monovinylidenaromatischen Ver- 
bindungen mit in der gesamten aromatischen 
Polymermatrix dispergiertem Kautschuk von zwei 
unterschiedHchen TeilchengroBen enthaltend die 
Schritte Massepolymerisation einer ersten 
Mischung enthaltend eine Losung eines oder 
mehrerer polymerisierbarer monovinyliden- 
aromatischer Verbindungen und einen Kaut- 
schuk, in einem oder mehreren im wesentlichen 
linearen schichtfdrmigen Strom ungsreaktoren in 
Gegenwart eines Starters, der das Aufpfropften 
von Polymer auf den Kautschuk fordert, urn eine 
kontinuierliche Phase auszubilden, die Polymer 
der monovinylidenaromatischen Verbindung und 
diskrete Teilchen von hochgepfropften Kaut- 
schukteilchen mit einem mittleren Volumen- 
durchmesser von 0,5 bis 1,5 nm enthalt, 
anschlieBendes Einmischen einer zweiten Kaut- 
schuk enthaltenden Mischung, deren Kautschuk 
der gleiche wie der der ersten Mischung oder 
unterschiedlich sein kann, in die Polymerisations- 
mischung unter Bedingungen, daB die zuvor 
gebildeten Kautschukteilchen in der gesamten 
kontinuierlichen Polymerphase dispergiert 
bleiben und wobei der neu hinzugefugte Kaut- 
schuk von &— 30 Gew.% bezogen auf Kautschuk 
der ersten und zweiten Kautschuk/Monomer- 
losungen enthalt und als diskrete Teilchen mit 
einem mittleren Volumendurchmesser von 4—10 
urn dispergiert ist. 

10. Verfahren nach Anspruch 9, dadurch 
gekennzeichnet, daB der Kautschuk in der zweiten 
Kautschuk enthaltenden Mischung vor der 
Zugabe der zweiten Mischung zur Poly- 
merisationsmischung vorgepfropft wird. 

11. Verfahren nach Anspruch 9, dadurch 
gekennzeichnet, daB die Polymerisation ats 
kontinuierliche Massepolymerisation ausgefuhrt 
und die erste Mischung vor dem Einmischen der 
zweiten Kautschuk enthaltenden Mischung unter 
Bedingungen polymerisiert wird, die ausreichen, 
eine kontinuierliche Phase auszubilden, die ein 
Teilpolymerisat der monovinylidenaromatischen 
Verbindungen mit den darin dispergierten hoch 
gepfropften Kautschukteilchen der gewflnschten 
GroBe enthalt, wobei dei zweite Kautschuk 



enthaltende Mischung eine Ldsung von Kaut- 
schuk und einer oder mehrerer polymerisierbarer 
monovinylidenaromatischer Verbindungen 
enthalt, die Polymerisation nach dem Mischen 

5 der ersten und zweiten Mischungen zu Ende 
gefuhrt wird und die Polymerisationsmischung 
Bedingungen ausgesetzt wird, die ausreichen, um 
nicht umgesetzte Monomere zu entfernen und 
den Kautschuk zu vernetzen. 

io 12. Verfahren nach Anspruch 9, dadurch 
gekennzeichnet, daB die erste Mischung vor dem 
Einmischen der zweiten Kautschuk enthaltenden 
Mischung unter Bedingungen polymerisiert wird, 
die ausreichen, eine kontinuierliche Phase auszu- 

15 bilden, die ein Teilpolymerisat der mono- 
vinylidenaromatischen Verbindung mit den darin 
dispergierten hochgepfropften Teilchen der 
gewunschten GroBe enthalt und die zweite Kaut- 
schuk enthaltende Mischung unter Bedingungen 

20 polymerisiert wird, die ausreichen, eine 
kontinuierliche Phase auszubilden, die ein Teil- 
polymerisat der monovinylidenaromatischen Ver- 
bindungen mit den darin dispergierten Kaut- 
schukteilchen der gewunschten GroBe enthalt 

25 und die Polymerisation nach dem Mischen der 
ersten und zweiten Mischungen zu Ende gefuhrt 
wird und die Polymerisationsmischung 
Bedingungen ausgesetzt wird, die ausreichen, um 
nicht umgesetzte Monomere zu entfernen und 

30 den Kautschuk zu vernetzen. 

Revendications 

1. Polymere renforce par du caoutchouc com- 
35 prenant un polymere derive d'un ou plusieurs 

composes monovinyl aromatiques poly- 
merisables, presentant des particules de caout- 
chouc greffees, discretes, dispersees dans tout le 
polymere, dans lequel de 70 a 95 pour cent en 

40 poids de la quantite totale de caoutchouc sont 
presents sous forme de particules presentant un 
diametre moyen de volume allant de 0,5 a 1,5 
micrometre, et de 5 a 30 pour cent en poids du 
poids total du caoutchouc sont presents sous la 

45 forme de particules ayant un diametre moyen de 
volume allant de 4 a 10 micrometres, et la 
quantite totale de polymere greffe sur le caout- 
chouc des particules de caoutchouc de plus petite 
taille est d'au moins 1,3 fois le poids du caout- 

so chouc dans lesdites particules plus petites. 

2. Polymere renforce par du caoutchouc selon 
la revendication 1, dans lequel le caoutchouc est 
un homo- ou copolymere du butadiene-1,3, et le 
compose monovinyl aromatique est le styrene. 

66 3. Polymere renforce par du caoutchouc selon 
la revendication 2, dans lequel les tallies de 
particuie du caoutchouc, la valeur de chaque taille 
de particuie et le greffage de polymere sont tels 
que le polymere renforce par du caoutchouc 

60 presente un allongement d'au moins 18 pour 
cent, un brillant d'au moins 70 pour cent et une 
resistance au choc, exprimee en joules/metre, 
d'au moins 10 fois le pourcentage de butadiene 
polyme>ise daris le polymere renforce par du 

65 caoutchouc. 
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4. Polym6re renforce par du caoutchouc selon 
la revendication 2, dans lequei les tallies de 
particule du caoutchouc, la valeur de chaque tailte 
de particule et le greffage de polymere sont tels 
que le polymere renforce* par du caoutchouc 
prSsente un allongement d'au moins 25 pour 
cent, un brillant d'au moins 80 pour cent et une 
resistance au choc, exprim6e en joules/metre, 
d'au moins 12 fois le pourcentage de butadiene 
polymerise dans le polymere renforce* par du 
caoutchouc. 

5. Polymere renforce* par du caoutchouc selon 
la revendication 2, dans lequei les tailies de 
particule du caoutchouc, la valeur de chaque taille 
de particule et le greffage de polymere sont tels 
que le polymere renforce par du caoutchouc 
pr£sente un allongement d'au moins 25 pour 
cent, un brillant d'au moins 60 pour cent et une 
resistance au choc, exprim6e en joules/metre, 
d'au moins 16 fois le pourcentage de butadiene 
polymerise dans le polymere renforce par du 
caoutchouc. 

6. Polymere renforce par du caoutchouc selon 
la revendication 2, dans lequei les tailies de 
particule du caoutchouc, (a valeur de chaque taille 
de particule et ie greffage de polymere sont tels 
que le polymere renforce par du caoutchouc 
presents un allongement d'au moins 25 pour 
cent, un brillant d'au moins 90 pour cent et une 
resistance au choc, exprim6e en joules/metre, 
d'au moins 10 fois le pourcentage de butadiene 
polymerise* dans le polymere renforce par du 
caoutchouc. 

7. Polymere renforce" par du caoutchouc selon 
la revendication 2, dans lequei le polymere 
renforce* par du caoutchouc comprend de 5 a 10 
pour cent en poids de caoutchouc par rapport au 
poids total du polymere renforce* par du caout- 
chouc, le diametre moyen de volume de 80 a 90 
pour cent en poids dudit caoutchouc est de 0,6 a 
1,2 micrometre, le diametre moyen de volume de 
10 a 20 pour cent en poids dudit caoutchouc est 
de 4 a 8 micrometres, et le polymere renforce par 
du caoutchouc comprend, en outre, de 1 a 7 pour 
cent en poids d'huile minerals, (edit pourcentage 
en poids etant rapporte au poids du polymere 
renforce* par du caoutchouc. 

8. Polymere renforce* par du caoutchouc conv 
prenant un polymere derive d'un ou plusieurs 
composes monovinyi aromatiques poly- 
m£risables, prSsentant des particuies de caout- 
chouc greffees, discretes, d'un homopolymere ou 
d'un copolymere de butadiene-1,3 dispersees 
dans tout le polymere, dans lequei de 70 a 95 pour 
cent en poids de la quantity totale du caoutchouc 
sont presents sous la forme de particuies ayant 
un diametre moyen de volume de 0,5 a 1,5 
micrometre et 5 a 30 pour cent en poids du poids 
total de caoutchouc sont presents sous la forme 
de particuies pr6sentant un diametre moyen de 
volume de 4 a 10 micrometres, et la quantite 
totale de polymere greffe sur le caoutchouc total 
des particuies de caoutchouc a la fois de petite 
taille et de grande taille est d'au moins 1,3 fois le 
poids du caoutchouc dans lesdites particuies et 



est repartie entre le caoutchouc des grandes et 
petites particuies, de telle sorte que (e brillant du 
polymere renforce par du caoutchouc soit d'au 
moins 70 pour cent, I'allongement soit d'au moins 

5 18 pour cent, le choc Izod, mesure en joules par 
metre (J/m), soit d'au moins 10 fois le pour- 
centage de butadiene dans le caoutchouc, et 
I'indice de fusion soit de 3 a 12 g/10 minutes, tel 
que d§termin6 par la mgthode de ASTM D 1238, 

io Condition G. 

9. Proced6 pour preparer un polymere renforce 
par du caoutchouc d'un ou plusieurs composes 
monovinyi aromatiques, presentant du caout- 
chouc de deux tailies differentes de particuies 

is disperse dans toute la matrice polymere aro- 
matique, le procdde comprenant les etapes con- 
sistent a polymeriser en masse, dans un ou 
plusieurs reacteurs a ecoulement stratifie, sen- 
siblement lineaire, un premier melange 

20 comprenant une solution d'un ou plusieurs 
composes monovinyi aromatiques poly- 
merisables et un caoutchouc en presence d'un 
initiateur qui active le greffage du polymere sur le 
caoutchouc, afin de former une phase continue 

25 contenant le polymere du compose monovinyi 
aromatique et des particuies discretes de par- 
ticuies de caoutchouc fortement greffees, presen- 
tant un diametre moyen de volume de 0,5 a 1,5 
micrometre; puis a r6aliser le meiangeage d'un 

30 second melange contenant du caoutchouc, ledit 
caoutchouc pouvant dtre identique a ou different 
du caoutchouc du premier melange, avec le 
melange de polymerisation, dans des conditions 
telles que les particuies du caoutchouc prealable- 

35 ment form6es restent dispersees dans toute la 
phase polymere continue et ou le caoutchouc 
nouvellement ajout6 comprend de 5— 30 pour 
cent en poids du caoutchouc des premiere et 
seconde solutions caoutchouc/monomere et est 

40 disperse sous forme de particuies discretes ayant 
un diamdtre moyen de volume de 4 a* 10 
micrometres. 

10. Proc6de selon la revendication 9, dans 
lequei le caoutchouc du second melange con- 

45 tenant du caoutchouc est pr6-greff6 avant 
''addition du second melange au melange de 
polymerisation. 

11. Procede selon la revendication 9, dans 
lequei la polymerisation est effectuee a i'aide des 

so techniques de polymerisation en masse, en 
continu, et le premier melange, avant le meian- 
geage avec le second melange contenant du 
caoutchouc, est polymerise dans des conditions 
suffisantes pour former une phase continue 

65 comprenant un polym6risat partie! du compose 
monovinyi aromatique ayant les particuies de 
caoutchouc, fortement greffees, de la taille 
desiree, dispersees en son sein, le second 
melange contenant du caoutchouc comprend une 

60 solution de caoutchouc et un ou plusieurs 
composes monovinyi aromatiques poly- 
merisables, et, aprfcs le meiangeage des premier 
et second melanges, la polymerisation estensuite 
achevee, et le melange de polymerisation soumis 

65 e des conditions suffisantes pour eliminer le 
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monomere n'ayant pas r6agi et pour rSticuler le 
caoutchouc. 

12. Precede selon la revendication 9, dans 
(equal, avant le m6!angeage avec le second 
melange contenant du caoutchouc, le premier 
melange est polymerise dans des conditions 
sufflsantes pour former une phase continue 
comprenant un polym6risat partial du compost 
monovinyl aromatique presentant les particules 
de caoutchouc fortement greftees, de la taiile 
desiree, dispersees en son sein, et le second 
melange contenant du caoutchouc est polymerise 



dans des conditions suffisantes pour former une 
phase continue comprenant un polymerisat 
partiel d'un ou plusieurs composes monovinyl 
aromatiques presentant des particules de caout- 

5 chouc, de la taiile desirSe, dispersees en son sein, 
et, apres le melangeage des premier et second 
melanges, la polymerisation est ensuite achevee 
et le melange de polymerisation soumis a des 
conditions suffisantes pour eliminer les 

to monomeres n'ayant pas reagi et pour reticular le 
caoutchouc. 
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